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diagnosis, and surgical problems may follow9 if an anomalous coronary artery is excluded from perfusion during open heart surgery or if the surgeon unwittingly incises the anomalous coronary artery.
Most recent reports indicate that certain anomalous coronary arteries are associated with sudden death, myocardial infarction and anginal syndrome. 4 5 7. 9-18 In this report we describe our experiences with 45 patients in whom anomalous aortic origin of the coronary arteries was found during coronary arteriography of 7,000 patients. Among these, 45 patients were found to have abnormal origin of one or more coronary arteries. In accordance with the site of the anomalous origin of the coronary artery, the patients were classified into the following groups: I) anomalous origin of the circumflex coronary artery; 2) both coronary arteries arising from the left sinus of Valsalva (LSV); 3) both coronary arteries arising from the right sinus of Valsalva (RSV); 4) anomalous origin of the left anterior descending (LAD) artery from the RSV; and 5) anomalous origin of the first septal perforator branch. The hospital records of these 45 patients were then reviewed and the clinical findings analyzed.
Materials and Methods
Coronary arteriography was performed by either the Sones brachial or the Judkins femoral method. The cine films were taken with a 35 mm camera at 30 frames/sec at different projections and with a 6-inch Philips or General Electric image intensifier. The coronary arteriograms were reviewed by at least three left sinus, of Val--idiopathie hiyperarteriographers. Left ventriculography was also performed in the right anterior oblique (RAO) projection in all 45 patients.
Results
There were 31 men (69%) and 14 women (31%) in the study; the mean age was 46.6 for the men (range 16-60 years) and 45.4 for the women (range 32-68 years).
Among the 45 patients there was a total of 47 vessels with anomalous origin (table 1) .
Anomalous Origin of the Left Circumflex Coronary Artery
The left circumflex coronary artery (LCF) originated from the RSV or the initial portion of the right coronary artery (RCA) in 26 patients. In all patients the initial course of the LCF was posterior to the aorta. Figure 1 is a representative angiogram. The LAD coronary artery in all of these patients originated from a separate ostium in the LSV and had normal distribution.
Both Coronary Arteries Arising from the LSV The RCA originated from the LSV in 12 patients, and its course was always between the aorta and the pulmonary artery; however, its final distribution was normal ( fig. 2 ). The origin and distribution of the left coronary artery (LCA) were normal.
Both Coronary Arteries Arising from the RSV The left main coronary artery (LM) originated from the RSV in four patients. In one of these patients there was a common ostium for both left and right coronary arterial systems (single coronary artery) ( fig.   3 ). The initial course of the LM in this patient was posterior to the aorta. In the remaining three patients, the initial course of the LM was anterior to the aorta and then between the aorta and the pulmonary artery; it finally bifurcated with a rather acute angle into the anterior descending artery and into the circumflex artery.
The course and distribution of the RCA were normal in all patients. In two of these patients there was anomalous origin of a large septal perforator branch, one from a separate ostium in the RSV and the other from the initial portion of the RCA. Anomalous Origin of the LAD Artery from the RSV This anomaly was observed in two patients. In one, the initial course of the LAD was beneath the right FIGURE 3. Cineangiogram of single coronary artery arising from the right sinus of Valsalva in the left anterior oblique projection. Arrow points to a 60% obstruction at the left main coronary artery segm ent. RCA =right coronary artery; S =septal branch; LAD =left anterior descending; LM =left main; LCF left circumflex. ventricular outflow, presumably intramyocardially, and then coursed superiorly to begin its descent in the anterior interventricular groove ( fig. 4 , A and B). In the second patient, the LAD initially coursed anteriorly to the pulmonary artery and then along the interventricular groove. In both patients, the LCF originated in the LSV from a separate ostium and then was distributed normally.
Anomalous Origin of the First Septal Perforator Branch
This anomaly was seen in three patients. In two, the first septal perforator branch originated from a separate ostium in the RSV, and in one patient, from the initial portion of the RCA. In one instance the anomaly was an isolated finding; this patient had coronary artery disease (CAD) ( fig. 5 ). In two patients, in addition to the anomalous origin of the first septal per-forator, there was anomalous origin of the LCA system originating from the RSV. Figure 6A is a diagram of the normal origin and distribution of the coronary arteries. Figures 6B and C and 7A-C show the origin and course of the different patterns of anomalous coronary arteries.
Anomalous Origin of Coronary Arteries and Associated Diseases
The associated diseases in the 45 patients with anomalous origin of the coronary arteries are shown in table 1. There were 11 patients with atherosclerotic CAD. Six patients with CAD were seen in the group with anomalous LCF. Four had severe obstructive lesions of 70% or more, but the aberrant circumflex artery was not involved in any of the patients. In the group with aberrant RCA, two patients had severe VoI 58, No 4, OCTOBER 1978 FIGURE 5 . Cineangiogram of anomalous origin of first septal perforator from the right sinus of Valsalva. Arrow points to the ventricular septum. obstructive CAD: one had three vessel disease, and the LAD was involved in only one. Two patients with anomalous origin of the LM had severe obstructive CAD of the anomalous segment; one of these had three vessel disease, including a long segment of 60% narrowing of the LM ( fig. 3 ), and the other patient had severe isolated narrowing of 80% or more of a long segment of the LM, just proximal to its bifurcation into the LAD and the LCF ( fig. 8 ). In the patient with isolated abnormal origin of the first septal perforator, there was severe disease of all major vessels. Aortic valvular disease was present in nine patients, mitral valve prolapse in four, idiopathic hypertrophic subaortic stenosis (IHSS) in two, and miscellaneous heart disease in eight (cardiomyopathy in two, mild pulmonary stenosis in one, patent ductus arteriosus in one, hypertension in one, tetralogy of Fallot in one, atrial septal defect in one, and myocardial bridge in one). Eleven had no cardiac disease.
A B Clinical Findings
Typical angina pectoris was present in 19 patients (42.2%), atypical chest pain in 13 (28.9%), dyspnea in 15 (33.3%), syncope in eight (17.7%), dizziness in seven (15.5%), and palpitations in 21 (46.7%). There was a history of systemic hypertension in 18 patients (40%). One patient, a 16-year-old boy with anomalous origin of the LM from the RSV, collapsed while running and suffered an extensive anterior wall myocardial infarction. The course of the anomalous LM coronary artery in this patient was between the aorta and the pulmonary artery.
Discussion
The incidence of anomalous aortic origin of the coronary arteries in the general population is unknown.
In recent reports from various laboratories,2 V the incidence was between 0.6%--1.2% in patients referred for coronary arteriography. In our group, the overall incidence was 0.64%. Our findings appear to correlate with others4 5in that this anomaly is more common in men than in women. The difference in the reported incidence is due in part either to inclusion or exclusion of some variations of abnormal origin. For example, in one report, in eight patients with separate ostia of the LAD and the LCF from the LSV, the vessels were considered to have anomalous origin.6 Although this type of anomaly exists and has been described in postmortem examination or as a surgical finding, we believe that in many instances it is difficult to distinguish angiographically a separate ostium for the LAD and for the LCF from a very short LM. The tip of the catheter may be directed selectively toward the LAD or the LCF, giving the impression of two separate ostia. Injecting radiopaque dye into the LSV may not help to differentiate these conditions. There-fore, we did not attempt to segregate these patients, and they are not included in our study.
Anomalous Origin of the Left Circumflex
The incidence of anomalous LCF originating from the RSV from a separate ostium or from the initial portion of the RCA was reported by Chaitman et al.7 to be 0.45%; by Page et al.,3 0.67%; and by Engel et al.,6 0.7%. In our angiographic population, the incidence was 0.37%. The course of the anomalous LCF in all our patients and in the patients reported in the literature was characteristic ( fig. 6B ). Its course was always behind the aorta to reach its normal distribution.1`8 The LAD in these patients had a separate ostium in the LSV with normal distribution. It is generally agreed that this anomaly alone causes no functional impairment of the myocardium, and it is therefore considered benign.3 However, although the anomaly per se does not cause functional disability, it should be recognized during coronary arteriography, particularly in patients with obstructive CAD and in patients with aortic valve disease undergoing aortic valve replacement. In patients with CAD, nonvisualization of the vessel may be interpreted as complete occlusion or as congenital absence of this vessel; therefore, if coronary bypass is performed to bypass other vessels, a large diseased LCF may be excluded from bypass if this vessel happens to be severely diseased. In patients undergoing aortic valve surgery in which perfusion of coronary arteries by cannulation is used, an anomalous LCF may be excluded from perfusion, resulting in myocardial necrosis of the area supplied by the LCF.
In our experience, aberrant origin of the LCF is suspected when injection of radiopaque material into the LCA shows a vessel with a long initial nonbranching segment. Since a large septal branch may be confused with a small LCF, the left coronary system may give the impression of having an unusually long LM. Page et al.3 called this angiographic appearance a sign of nonperfused myocardium. Special care should be taken, however, to exclude a very short LM or a separate ostium for the LCF from the LSV. This is accomplished by injecting 6-8 cc of radiopaque material into the LSV in a slightly LAO projection. Another helpful sign is the one described by Page et al.,3 the "aortic sign" seen during ventriculography in the RAO projection. This is a profile view of the anomalous LCF coursing posterior to the aorta ( fig. 9 ). Once the anomaly is suspected, then selective or subselective opacification of the RCA usually visualizes the abnormal LCF. Selective opacification of the anomalous vessel, when there is a separate ostium, is accomplished easily by rotating the tip of the catheter slightly posteriorly. If the femoral approach is used, the preshaped Cordis catheter the anomalous Ao = aorta; designed for visualization of the aortocoronary bypass graft is useful.3 In our patients there was a high incidence (34.6%) of associated valvular heart disease with this anomaly. A similar incidence was reported by Chaitman et al.7
Both Coronary Arteries Arising from the LSV The RCA is the aberrant vessel in this group, originating from the LSV anterior to the left coronary ostium. It courses anteriorly between the aorta and the pulmonary artery, and then in the atrioventricular groove for its normal distribution ( fig. 6C ). The right coronary artery course was not posterior to the aorta in any of the patients in our study. The incidence of aberrant RCA among patients undergoing coronary arteriography was reported by Chaitman et al.7 to be 0. 19% and by Engel et al.6 to be 0.07%. In our patients the incidence was 0.17%.
We suspected anomalous origin of the RCA: 1) when a right coronary ostium could not be catheterized in its usual position; 2) when injection of contrast material into the RSV failed to visualize the RCA; and 3) when selective opacification of the LCA failed to visualize distal branches of the RCA by way of collateral vessels. Since the origin of this vessel from the noncoronary cusp is rare, our second step is to search for the RCA ostium in the LSV.
Contrary to data reported by other investigators, there were no significant differences in the male-tofemale ratio in this group compared to the other groups of our patients. There was a higher incidence of dizziness (41.7%) and syncope (33.3%) in this group compared with the group with anomalous LCF (7.7% and 11.5%, respectively). However, since the majority of the patients had other associated diseases, it is difficult to know whether these symptoms are due to the anomalous coronary artery or to the underlying associated disease, particularly in the case of a retrospective study. There was also high incidence of history of systemic hypertension in the group (40%), but more higher in the subgroup of patients with the anomalous origin of the RCA (66.7%). History of hypertension was recorded in only 31% of all patients undergoing coronary arteriography in our laboratory. We do not know the reason for the higher incidence of hypertension in the group as a whole, and in particular in the subgroup with anomalous origin of the RCA. The effect of this anomaly on the coronary circulation is unknown, and has been considered insignificant. However, an acute myocardial infarction was reported to have occurred in a patient with this anomaly in the absence of obstructive CAD.' Angina pectoris was also reported in two patients with the anomaly but with normally patent coronary arteries.'0 One of our patients with no other associated disease and patent coronary arteries had typical angina pectoris. One patient was reported to have had two episodes of syncope, and one had ventricular fibrillation requiring resuscitation. This patient underwent successful aortocoronary bypass surgery.'
Both Coronary Arteries Arising from the RSV
The LM is the vessel with anomalous origin in this group. It originates from the RSV with a separate ostium ( fig. 7A ) or from the initial portion of the RCA (single coronary artery) ( fig. 3) . The RCA has a normal origin and distribution. In the great majority of reported cases, the course of the LM is anterior to the aorta, then between the aorta and the pulmonary artery ( fig. 7A ). In a few cases, however, the LM coursed posterior to the aorta ( fig. 7B ). Several angiographic views are important, but the lateral is the most useful projection in delineating the proximal course of the LM coronary artery.
Anomalous origin of LM has been investigated frequently in recent years because sudden death was reported in a number of young patients with this anomaly. All four patients in our group had angina pectoris. Two of them had severe CAD to account for their angina. One patient had severe three vessel disease in addition to a long segmental narrowing of 60% of the LM. The other patient had severe LM narrowing in a segment proximal to its bifurcation into the LAD and LCF branches. Both underwent successful aortocoronary bypass surgery. The other two patients did not have obstructive CAD. One of these had an acute myocardial infarction during exercise. Similar cases of acute myocardial infarction in association with this anomaly have been reported by others.4 7, 11, 12 Cheitlin et al. 4 reported 33 autopsy cases with this anomaly; nine of them died suddenly and 24 died of causes unrelated to their coronary anomalies. None of the nine patients had obstructive CAD. Sudden death was also reported to have occurred in young patients with this anomaly.5' [11] [12] [13] [14] [15] [16] The mechanism of sudden death in these patients is unclear, but all had some common factors:4 1) The initial course of the LM originating from the RSV in all patients who died was between the aorta and the pulmonary artery. In one of the reported patients who died suddenly, the LM had an intramyocardial course superior to the crista superventricularis. 2) Most of the sudden deaths occurred during or immediately after exercise. Benson and Lack"' and Cohen and Shaw12 postulated that the LM is squeezed between the aorta and the pulmonary artery as a result of distention of these vessels during exercise, resulting in acute compromise of coronary blood flow in the left coronary arterial system. However, in the absence of pulmonary hypertension, it.-.is unlikely that the coronary artery with systemic pressure could be compressed by the low pressure pulmonary artery. Sudden kinking of the long LM and a congenitally small LCA system was postulated as the mechanism of sudden death."' 16
The most plausible mechanism for sudden death in patients with anomalous origin of the LM was proposed by Cheitlin et al.,' who postulated that as the LCA arises from the RSV, it forms an acute angle at its origin, which may compromise its lumen as it courses anteriorly and leftward along the contour of the aorta posteriorly. They support this theory by their experience with two cases and with two other cases reported in the literature." 11, 1 In one of their patients, an acutely angulated anomalous LCA was noted at surgery with a slit-like orifice.' The initial portion of the LM was essentially in the wall of the aorta. By wedging out the common wall of the aorta and the LM, it was possible to enlarge the opening of the ostium. Similar findings were present at autopsy in a 17year-old male who died suddenly during a competitive race. The ostium of the LCA was narrowed, and by moving the aortic wall outward only 1-2 mm, it was possible to effectively close the orifice of the LCA. 4 Sudden death has not been reported to occur in patients in whom the anomalous LM courses posteriorly to the aorta or anteriorly to the pulmonary artery. Chaitman et al.7 described a patient with anomalous LM coursing anterior to the pulmonary artery who had an acute anteroseptal myocardial infarction in the absence of obstructive coronary atherosclerosis. The lactate metabolism of this patient was normal during pacing, and the exercise coronary blood flow was also normal. Pachinger et al.'8 described a patient with a similar (anterior to pulmonary artery) course of the anomalous LCA who had severe angina pectoris with patent coronary arteries and lactate production, with deterioration of the left ventricular function during pacing-induced angina. Chaitman et al.7 reported another patient with acute myocardial infarction in the absence of coronary atherosclerosis in whom the anomalous LM coursed posteriorly to the aorta. In this patient myocardial lactate production occurred during coronary sinus pacing and decreased coronary blood flow during exercise. Murphy et al."9 recently described a 12-yearold girl with anomalous origin of the LM coronary artery from the RSV and course of the LM posterior to the aorta who developed acute anterior myocardial infarction with normally patent coronary arteries. She underwent successful aortocoronary bypass surgery.
The clinical significance of a nonatherosclerotic single coronary artery is probably the same as when both ostia originate in the same sinus of Valsalva. However, when obstructive atherosclerosis involves the proximal stump of a single coronary artery, then the single coronary artery is a liability. The incidence of single coronary artery is rare. Sharbough et al.20 found an incidence of 0.04%. In 41% of their patients there was association of major congenital heart disease. The origin of a single coronary artery could be from the RSV or from the LSV, and the initial course of the vessel supplying the contralateral area of the myocardium could be posterior to the aorta, between the aorta and the pulmonary artery, or anterior to the pulmonary artery. The treatment of the patients with diagnosis of anomalous origin of the LM coronary artery is a problem. Some patients remain asymptomatic and some develop symptoms of angina, acute myocardial infarction or sudden death. It is difficult to know which patients with the anomaly will develop these symptoms. Although sudden death was reported only in patients in which the course of the LM was between the aorta and the pulmonary artery, serious cardiac events can also occur when the course of the LM is posterior to the aorta or anterior to the pulmonary artery. If a patient is severely symptomatic and no other associated disease is present to account for the symptoms, bypass surgery should be considered. If the patient has mild symptoms without atherosclerosis, then additional tests for myocardial ischemia may be helpful, such as atrial pacing with lactate metabolism determination, maximal treadmill exercise or thallium exercise stress test. If these tests are abnormal then conventional therapy for ischemia should be given and the patients should be followed closely.
Anomalous Origin of the LAD Artery
The incidence of this anomaly is now known but is probably rare, since we found it, angiographically, in only two patients in our basically adult population (fig. 7C ). The functional significance of this anomaly is unknown. It was reported to occur more commonly in association with tetralogy of Fallot.5' I Since its course is anterior to the right ventricular outflow or intramyocardial, it is extremely important that the anomalous course of the vessel be recognized before surgery so that damage to the vessel can be avoided during ventriculotomy.
Anomalous Origin of the First Septal Perforator Branch
Although the reported incidence of this anomaly is rare, it might be more common than reported. Because the size and the site of origin of a normal first septal perforator vary widely, it is difficult to recognize aberrant origin of the first septal perforator by angiography unless it is incidentally opacified selectively. It is possible that electrocardiographic evidence of septal infarction may result from an isolated obstruction of an anomalous septal branch in some patients. On the other hand, an anomalous septal branch may protect the septum in case of proximal LAD obstruction ( fig. 5 ).
Anomalous Origin of Coronary Arteries and Associated Diseases
The associated diseases with the anomalous origin of coronary arteries are shown in table 1. It is difficult to relate the associated atherosclerosis CAD with the anomalous origin of coronary arteries. However, there is a high incidence of associated valvular heart disease in 14 of our 45 patients (31%). The overall incidence of valvular heart disease in patients undergoing coronary arteriography in our cardiac catheterization laboratory is 21%. Higher incidence of associated valvular heart disease was also reported by Chaitman et al.7 This may be explained partially by the fact that coronary arteriography is performed frequently in patients with valvular heart disease. However, we suspect that a congenital association between abnormal origin of coronary arteries and valvular disease exists. SUMMARY Cardiac output, plasma volume and regional hemodynamic factors involved in blood pressure regulation were investigated in hypertensive patients refractory to the combined treatment with diuretics, propranolol and hydralazine. The patients were compared to hypertensive patients, matched for sex, age, weight, glomerular filtration rate and initial untreated blood pressure, responding adequately to the corresponding therapy. Cardiac output was determined with the dye-dilution technique (indocyanine green) and plasma volume with Evans Blue. Blood flow and vascular resistance at rest and at maximal vasodilatation in a skin (hand) and a muscle (calf) vascular bed were determined using venous occlusion plethysmography and intra-arterial and auscultatory blood pressure recordings, respectively. Maximal vasodilatation was obtained by direct and indirect heating, arterial occlusion and hand muscle work (hand), or by arterial occlusion and muscle work (calf). The refractory patients had increased total peripheral resistance in comparison with the responders, while cardiac output and plasma volume did not differ between the groups. This suggests that increased peripheral resistance is the important factor for sustained blood pressure elevation during the influence of the actual therapy. Furthermore, compared with the controls, the refractory patients had increased vascular resistance at maximal dilatation. This indicates a vascular abnormality in this group. Since the dilatation procedure abolishes smooth muscle tone in the resistance vessels almost completely, the vascular abnormality is interpreted as a structural change most likely, an adaptive thickening of the vessel wall associated with hypertension. The results indicate that this abnormality is more pronounced in the patients refractory to treatment. SOMETIMES, PATIENTS DO NOT RESPOND satisfactorily to antihypertensive treatment. In our homogeneously investigated and treated series of unselected hypertensive men the frequency of patients responding inadequately to therapy was 29% during the first year.' All these patients, however, should not be designated as "refractory" or "non-responders," since the reason for inadequate response was usually poor compliance or administration of doses of the antihypertensive drugs which were too low.2 The term "frefractory" should be limited to patients who, in spite of adequate treatment and good compliance, still do not respond, or respond inadequately. The prevalence of refractory hypertension in this sense was 3% in the same study.2 The reasons for poor response to therapy in these cases might be found in pharmacological characteristics of the therapy, such as inadequate absorption or rapid inactivation of the absorbed drugs, although such reasons probably are rare. A more likely explanation is that the hypertensive disease and/or the sensitivity to the actual therapy is different in the non-responder group, and that ineffective reduction of cardiac outputdirect or via failure to reduce plasma volumeand/or the peripheral vascular resistance would result in refractory hypertension.
The aim of the present study was to investigate some hemodynamic parameters in a series of nonresponding hypertensives compared with matched responders to explain the poor response to therapy.
Materials
Ten patients, all middle-aged men (50-60 years) with primary hypertension refractory to treatment
